Growing roselle with maize is common in Ghana. However, there is little information on whether the choice of accession affects maize/roselle intercrops. Also, there is little information on whether intercropping roselle with maize is beneficial or detrimental to the yields of the crops. A field experiment was conducted for two seasons to assess the growth and yield performance of three roselle accessions as influenced by intercropping with maize and to assess whether maize growth and yield would be influenced upon intercropping with roselle. e roselle accessions were Bissap, Local, and Samadah. Intercropped roselle accessions, their soles, and sole maize were arranged in a randomized complete block design with three replications. Intercrop performance was determined using area × time equivalence ratio (ATER) and competitive ratio (CR). e results showed significant differences in roselle accessions for growth and yield performance. Local outperformed the other accessions in both growth and yield attributes. Roselle calyx and shoot yields were significantly higher in intercrops than in soles. Maize growth and yield were not significantly affected by intercropping with roselle, but maize yield attributes differed between seasons. e ATERs were 1.99, 2.18, and 2.49 for Samadah, Bissap, and Local, respectively, indicating that there was productive use of space and time for intercropping. e CR ranged from 1.03 to 1.17, 0.96 to 1.09, and 1.12 to 1.25 for stem diameter, number of leaves per plant, and plant height, respectively. e study showed that the choice of accession did not affect the intercrop performance. It also showed that intercropping roselle with maize is beneficial to roselle without compromising the yield of maize.
Introduction
Roselle (Hibiscus sabdariffa L.) is an annual herbaceous shrub of the family Malvaceae [1] . Young succulent leaves of roselle are eaten in various forms as they contain nutrients such as phosphorus, calcium, magnesium, and potassium [2] . e fleshy calyces of the plant are used in various countries in Africa and the Caribbean as food or food ingredient in jellies, syrups, beverages, puddings, cakes, and wines [3] . Roselle serves as a relish that accompanies foods such as a popular northern Ghanaian food called "Touzaafi"(TZ) which is a thick or solidified porridge prepared from maize meal. A strong fiber called hemp is obtained from the stem which is used for various household purposes including making sackcloth, twine, and cord [4] . In northern Ghanaian homes, the dry stems are a source of fuel for cooking. e seed contains a substantial amount of oil that resembles cotton seed oil [5] and is found to have high antioxidant capacity and strong radical-scavenging activity [6] .
Cereal cultivation predominates the agricultural landscape of Ghana. In such areas, intercropping offers an economically sustainable way of producing vegetables like roselle which is classified among underutilized crops [7] . Maize-based intercropping systems are proven to have yield advantages over sole cropping by optimizing especially the use of light [8] [9] [10] which translates into yield for both crops. Many benefits of intercropping have been reported in the literature [11, 12] . In addition to these, intercropping vegetables with cereals offers a sustainable way of cultivating vegetables [13] .
Growing roselle with maize is a common practice in Ghana. However, when this is done, roselle is usually either planted around the maize farm or spot planted throughout the farm. is practice does not yield the maximum benefit of intercropping. Also, there is little information on whether planting maize with roselle affects maize yields or is beneficial to roselle in Ghana. In addition, there is no information on whether the choice of accession affects maize/roselle intercrops.
e objective of the study was to test and identify roselle accession(s) whose yield would increase or be maintained when intercropped with maize without negative yield implications on the maize crop.
Materials and Methods

Experimental Site.
A field experiment was conducted for two seasons: in 2016 at Faculty of Agriculture, University for Development Studies, and in 2017 at Savanna Agricultural Research Institute of the Council for Scientific and Industrial Research, Ghana. Both institutions are located in Nyankpala in the northern Guinea savannah ecological zone of Ghana at longitude 0°98′W and latitude 9°4′N and at an altitude of 183 m above the sea level [14] . e chemical properties of the soil for both experimental sites are presented in Table 1 . e area experiences a unimodal rainfall with annual rainfall ranging between 1000 mm and 1200 mm from May to October but sporadic during other times of the year. e monthly mean temperature is 22°C in the rainy season and 34°C in the dry season [14] .
e mean monthly rainfall, minimum and maximum temperatures, and relative humidity data covering the experimental periods of each year are presented in Table 2 .
Plant Materials.
e maize variety wang-dataa was the main crop. It matures in 90 days. It was obtained from the Savanna Agriculture Research Institute (CSIR-SARI). ree roselle accessions were obtained from WorldVeg through CSIR-SARI. e roselle accessions were Bissap with dark red calyces and leaves, Local with light green calyces and leaves, and Samadah with greenish red leaves and light red calyces [15] . Bissap has an average height of 132 cm, a leaf length-towidth ratio of about 1.3, and a short true stem with multiple main branches. Local can grow up to an average height of 157 cm; it has a leaf length-to-width ratio of about 1.0 and a long main stem with many primary and secondary branches. Samadah can reach an average height of 121 cm with a leaf length-to-width ratio of 0.8 [15] .
Experimental Design.
e experiment was laid out in a randomized complete block design (RCBD) with three replications in both seasons. A plot measured 4 m × 3 m in 2016 and 5 m × 4.5 m in 2017. Differences in plot sizes were due to seed availability in each year. Replications were separated by a distance of 1.5 m, while plots were separated by a 1 m alley. e treatments were as follows: (1) sole maize (M); (2) sole roselle Local, designated as A1; (3) sole roselle Bissap, designated as A2; (4) sole roselle Samadah, designated as A3; (5) A1 intercropped with maize (A1M); (6) A2 intercropped with maize (A2M); and (7) A3 intercropped with maize (A3M).
Land Preparation, Sowing, and Crop Management.
Experimental fields were ploughed and harrowed after the first stable rains. Seeds of both crops were sown on 6 August 2016 and 5 July 2017 at a rate of 4 seeds per hole for both crops and later thinned to 2 plants per hill for maize and one plant per hill for roselle at 11 days after planting (DAP). In both years' trials, an interrow spacing of 0.75 m was used for both maize and roselle and an intrarow spacing of 0.4 m was used for maize and 0.5 m was used for roselle. e N was split applied. Weeds were removed as and when necessary with the aid of a hand hoe.
Data
Collection. Data were collected on growth and yield attributes in both years' trials. Sampling was based on the middle rows in both intercropping and sole cropping for both seasons. Growth measurements were taken on 4 plants in 2016 and 6 plants in the 2017 cropping season. In 2017, there were more plants to sample from due to the larger plot size. Plant height (cm) was measured from the soil level to the tip of the latest apical bud. Number of leaves per plant was determined by counting all the leaves of the sampled plants and then obtaining the mean number of leaves per plant for a particular treatment. Stem diameter (cm) was measured using a GlowGeek digital caliper (Shenzhen YunYuan Technology Co., Ltd, China) at a constant height of 10 mm from the soil level for both crops. Samples were separated in various aboveground components of shoot, calyx, and seed for roselle and stalk, cob, and grain for maize. Fresh weights were taken at harvest by measuring gravimetrically using a sensitive scale (KERN & SOHN GmbH, Balingen, Germany) and then left to shade-dry and weighed till a constant weight was obtained. Yields are expressed in t/ha. e weight of thousand seeds for roselle and one hundred seeds for maize were determined gravimetrically. Attributes such as calyx and grain yield fractions were then estimated. Total dry biomass was a summation of the weights of the aboveground components.
Intercrop Performance.
Intercrop performance was measured using the area × time equivalence ratio (ATER), competitive ratio (CR), and percentage land saved (PLS). ese are defined below.
(a) Area × time equivalence ratio (ATER): area × time equivalence ratio was calculated using the following formula:
where Yia and Yib are the intercrop yields; Ysa and Ysb are the yields of the sole crops; ta and tb are the maturity times (duration) of species a and b (a in our case is roselle accession and b is maize); and Tt is the total time occupied by the intercrop.
(b) Percentage land saved (PLS):
(c) Competitive ratio (CR): the concept of competitive ratio was used to estimate the competitiveness for number of leaves per plant, plant height, and stem diameter of the roselle accessions and is given as follows:
where Yia and Yib are the number of leaves, plant height, or stem diameter of species "a" (roselle accessions) and "b" (maize) in intercropping; Ysa and Ysb are the values of the parameter for the species "a" and "b" in sole cropping; and Fa and Fb are the proportions of the area occupied by crops in "a" and "b" in the intercrop. Competitive ratio of 1 means the performance of species "a" and "b" is the same, greater than 1 means the performance of species "a" is better than that of species "b," while less than 1 means the performance of species "b" is better than that of species "a."
Statistical Analysis.
Analysis of variance in the RCBD model was used to determine whether statistical differences exist among the accessions, the cropping system, the different years, and the interactions in each case of the three indicated. Multiple mean comparison was used when a probability of P ≤ 0.05 occurred using a least significant difference at 5%.
Results
Growth and Yield Performance of Roselle Accessions due to
Intercropping. e results showed that intercropping generally resulted in significantly higher calyx and shoot dry yields, total aboveground dry biomass yield, and thousand seed weight compared to sole cropping (Table 3) . Local had the highest values in all growth and yield attributes assessed. Bissap had the lowest values for number of leaves per plant, stem diameter, calyx fresh and dry yields, shoot dry yield, and total aboveground dry biomass (Table 3 ).
e effect of cropping system on calyx fresh and dry yields, shoot dry yield, and thousand seed weight was influenced by the growing season. Also, variation in thousand seed weight among the accessions due to the cropping system was also dependent on the cropping season (Table 4) . International (Table 4) . e accession Bissap obtained lower values in number of leaves per plant, plant height, stem diameter, calyx fresh and dry yields, and calyx yield fraction but higher values in total aboveground dry biomass in 2016 than in the 2017 cropping season. e accession Local had higher values in number of leaves per plant, plant height, and total aboveground dry biomass but lower values in stem diameter, calyx fresh yield, and calyx yield fraction in 2016 than in the 2017 cropping season. However, Samadah was higher only in number of leaves per plant but lower in all the other growth and yield attributes in 2016 than in the 2017 cropping season (Table 4) .
ere were no significant differences in the three-way interaction between accessions, cropping system, and season except for thousand seed weight.
Growth and Yield of Maize in Intercrop, Sole, and Season.
e analysis of variance results showed that maize growth and yield attributes were not significantly different between intercropping and sole cropping systems for any of the cropping seasons (Table 5 ). However, there was significant (P < 0.05) general seasonal variation in grain yield, cob yield, hundred seed weight, grain yield fraction, and stalk yield but not growth attributes (data not shown).
Intercrop Performance of Roselle.
ere were no significant differences among the accessions for area × time equivalence and competitive ratios (Table 6 ). However, there was seasonal variation of the accessions in their ATER, whereas Local recorded the highest ATER in 2016 and Samadah recorded the highest value in 2017 (Figure 1 ). All roselle accessions had ATER values more than one, the lowest being 1.99 obtained by Samadah (A3) and the highest being 2.49 obtained by Local (A2). us, it could be seen that, in intercropping Local with maize, one could save up to 56% of land compared to when it is cropped as sole. e competitive ratios ranged from 1.03 to 1.17 for stem diameter, 1.12 to 1.25 for plant height, and 0.96 to 1.09 for number of leaves per plant.
Discussion
Intercropping Effect on Growth and Yield Attributes of
Roselle. Differences in roselle growth and yield attributes observed between the two seasons could be due to differences in sowing date between both years. It has been shown that planting date affects the growth and yield of roselle [16] . Also, there were differences in precipitation between the years. However, the emphasis of this study was to observe the interspecific interaction between the two crops within each year. Genotypic variability existed among the roselle accessions assessed for both growth and yield attributes which is in conformity with previous studies [17, 18] . It was realized that Local which has green calyces is a potential A1 � Bissap; A2 � Local; A3 � Samadah; IC � intercrop; S � sole; CDY � calyx dry yield (t/ha); CYF � calyx yield fraction (%); CFY � calyx fresh yield (t/ha); SDY � shoot dry yield (t/ha), NL � number of leaves per plant (n); PH � plant height (cm); SD � stem diameter (cm); TDB � total aboveground dry biomass (t/ha); TSW � thousand seed weight (g); LSD � least significant difference; ns � not significant. good accession that could be promoted due to its performance both as sole and in intercrop. Both leaves and calyces of this accession are ideal for the preparation of soups. Area × time equivalence ratio di ered between the seasons. is could be due to the di erences in sowing date and weather conditions which can a ect the performance of roselle [16] . Intercropping roselle with maize has proven to result in yield bene t to roselle. is has not always been the case. It has been shown that yield losses occur in roselle when intercropped with other crops. For instance, Fbabatunde [19] revealed that roselle yields were more reduced when intercropped with cereals such as millet and sorghum than intercropping with legumes. In maize-legume intercrops, it was realized that maize reduced cowpea yields more than the e ect of cowpea on maize yields because of greater competitive ability of maize when intercropped with cowpea [20] . In our study however, intercropping roselle with maize was not inimical to roselle. Intercropping did not a ect growth attributes of roselle in our case and even resulted in higher yield than the sole cropping. e current nding is a revelation that intercropping roselle with maize could o er a sustainable way of producing roselle especially for calyx and shoot yield. Calyx and shoot dry yields are among the most important economic components of the roselle plant.
is is because in Ghana for instance, the reddish calyx types are used in the preparation of a refreshing drink called sobolo, whereas the greenish calyx types are used in the preparation of soups. In traditional domestic homes of northern Ghana where fuel for cooking is scarce, dry shoots of roselle serve as a good source of fuel for domestic purposes.
us, a signi cant increase in roselle calyx and shoot dry yields due to intercropping implies that intercropping could be harnessed to increase the productivity International Journal of Agronomyof roselle in the Guinea savannah ecology of Ghana whose cropping system is predominantly cereal based. ere was no variability in the response of the accessions to intercropping. is means that intercropping was generally advantageous irrespective of accession. is conforms the conclusion drawn by Ijojah [21] who after reviewing different intercropping studies between maize and various vegetables indicated that cereal-vegetable intercrops are highly complementary.
Maize. A nonsignificant effect of intercropping roselle with maize was realized in our study. is could be due to the fact that roselle as a C 3 crop [22] would compete less with maize which is a C 4 crop for incoming radiation. Also, roselle has a deeper root system than maize, thereby competing less with maize for water and nutrients. erefore, it could be concluded that species complementarity exists between maize and roselle.
at is, roselle can be conveniently intercropped with maize without any detrimental effects on the maize growth and yield attributes, and vice versa. is is not always the case in intercropping trials between maize and other vegetables. In some cases, maize yields were reduced upon intercropping with vegetables [23, 24] . us, not just the system of cultivation, but the test crop type may also affect the yield of any of the two crop species in an intercrop system. Intercropped maize was negatively affected by intercropping with wheat, especially during its early growth for a lower leaf appearance rate [25] and a lower biomass accumulation per day [26] . Depending on the vegetable, intercropping maize with vegetables can result in higher gains as reported for intercropping hybrid maize with different short-duration vegetables [24] , intercropping winter maize with vegetables [23] , and intercropping maize with different vegetables [27] or no effect as shown by our study (Table 5 ).
Intercrop Productivity of Roselle.
In all intercropping systems studied, ATER values were more than one, indicating a better utilization of space and time. Competitive ability of the roselle accessions except Bissap was comparable with that of maize. Adhikary [28] found that productivity of vegetables reduced as a result of higher competitive ability of the baby corn. Also, the high ATER recorded by the roselle in this study could be due to the potential of intercrops to intercept higher incoming solar radiation. Kanton and Dennett [9] found that intercrops intercepted more incoming solar radiation resulting in higher biomass production of the intercrops than the sole crops. Zhu [29] found that, in all wheat-maize intercropping studies, intercropped wheat always showed yield advantage compared to sole wheat.
e roselle accessions possibly portrayed characteristics such as branching habit and leaf angle that are indicative of a good intercrop.
Conclusion
Generally, intercropping did not affect the growth attributes of the roselle accessions studied nor did it affect maize growth and yield attributes. e yield of roselle was however greatly increased upon intercropping with maize due to the complementary effect between the two species. Local outperformed the other two accessions both as sole and in intercrop. Hence, when intercropping roselle with maize, a farmer should consider Local.
Intercropping roselle with maize gave a very productive use of land and time shown by area × time equivalence ratio of more than unity, and thus, intercropping the roselle accessions with maize is quite sustainable.
Data Availability
e data used to support the findings of this study are available from the corresponding author upon request.
